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ABSTRACT:

Illustrates this paper synthesis and dynamic simulation of an offset slider crank mechanism. At the beginning,
the length of the crank and connecting rod are mathematically proved based on the stroke length, advance to
return ratio and offset height. The kinematic and dynamic analyses for links leading to spare matrices equations
were done for position, velocity and acceleration the studies the dynamic forces at the joints of the mechanism
are applied. The positions of all the links or elements in the mechanism for each increment of input motion are
found, then the position equations versus time are differentiated. MATLAB gives the results in numerical form in
this paper, the m-file codesgive the all the calculated values as output and it generates plots. A simulation model
using MATLAB and SIMULINK are Produced for the synthesized mechanism. The unidentified parameters are
solved by MATLAB and SIMULINK and displays those outcomes in graphical forms.
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I.  THE OFFSET SLIDER-CRANK POSITION SOLUTION:

The following theoretical analysis was taken from Norton (1999). The vector loop approach is used and
can be applied to a linkage containing sliders. The term offset means that the slider axis extended does not pass
through the crack pivot. This linkage could be represented by only three position vectors, R,, Rs and R, but one
of them (R;) will be a vector of varying magnitude and angle. It will be easier to user four vectors Ry, R,, R and
R, with R; arranged parallel to the axis of sliding and R, perpendicular. In effect the pair of vectors R; and R,
are orthogonal components of the position vector Rs from the origin to the slider.

It simplifies the analysis to arrange one coordinate axis parallel to the axis of sliding. The variable-
length, constant-direction vector R; then represents the slider position with magnitude d. The vector R, is
orthogonal to R; and defines the constant magnitude offset of the linkage. The vectors R, and R; complete the
vector loop. The coupler’s position vector R is placed with its root at the slider which then defines its angle « at
position B. This arrangement of position vectors leads to a vector loop equation given by, see figure 1 for
reference:

§2 + §3 = 17\;4 + IT\;]_
Once these arbitrary choices are made it is crucial that the resulting algebraic signs be carefully observed in the

equations or the results will be completely wrong. Letting the vector magnitude (link lengths) be represented
by a, b, c and d as shown in figure 1, can substitute the complex number equivalents for the position vectors.

. . 3 .
ael® + be'® = ce'?" + de'®
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Figure 1: Position vector loop for offset slider-crank linkage.

Substitute the Euler equivalents:

. . 3 .
ae'® + be'® = ce'?" + de’®

3 3
a(cosf +isinf) + b(cosa + isina) =c (cosEn + isin5n> + d(cos0 + isin0)

Separate the real and imaginary components:
Real part (x component):

3
acosf +bcosa = ccos(zn>+ dcos0

Imaginary part (y component):

3
asinf + bsina = csin(zn>+dsin0

Want to solve the two set equation simultaneously for the two unknowns, link length d and link angle a. The
independent variable is crank angle 8. Link lengths a and b and the offset ¢ are known.

acosf@+bcosa= d
asinf + bsina = —c
Solution for a and d are given by:
I (—c - asinB)
a = sin 5

d= acosf +bcosa

In order to complete the design, taken into account the following specifications:

1. Stroke length of slider block C = 100 mm
2. Advance-to-return time ratio, T, = 1.25
3. Offset height h = 30 mm

B,

—

-

Figure 2. It shows the advance-to-return time ration,Ty.
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Verified that the lengths of the crank (a = AB = 47 mm) and the connecting rod (b = BC = 105 mm) are
satisfied. The following equations are derived from the figure 2.

sind =
Sind =BT BC

Yp=6-0
The advance-to-return time ratio is defined as:

Thus,

On the other hand, from figure 2 and cosine law, got:
L? = (BC — AB)? + (AB + BC)? — 2(BC — AB)(AB + BC) cosy
In addition, known that:

Yy=6—-0
Thus,

§-0=1

sin™?! (—_h ) —sin™? (—_h ) =
i N\ge=ag) " \aprec) =Y
With, h = 30 mm, will have:

Sin_1 (_—30) — Sin_l (__30> = _E
BC — AB AB + BC 9

Will take into account that:

[? = (BC — AB)? + (AB + BC)? — 2(BC — AB)(AB + BC) cos ¥

With
cosy = cos (—E) ~ 0.93969
9
L? = (100 mm)? = 10000 mm?
X1 =BC—-AB
X» =AB+ BC
got:

T

9);(1;(2 —10000 = 0

X2+ xRt — 2cos(
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Solving for y; as a function ofy,:

o=t =1, b=-2cs(-D)y, . c=x?— 10000

2a

2 cos (—%) X, \/(2 cos (— g) )(2)2 —4(x,% —10000)
X1 = 2

2cos(-%) x, ¢ J40000 — 4y, sin? (- Z)
X1 = 2

100

valid for0 < y, <

In addition, will have the equation:

Solved the unknown variables y;and y, graphically. Will take the positive solution for the quadratic equation
then found that there is not solution for y, and y; as can be seen in figure 3.

-30 \ =30\ 7
|—sm‘1(—> +=-=0
/ X2 9

f()(z) = Sin_l I

2 cos(—%))(z +J4-0000—4-)(22 sin2 (—g)

2

For this relation there is not solution for y, andy;.
There is not a solution for f{x,}=0
18 : : : !

ok s .............. .............. .............. ............. 4

06+ .............. .............. ............. 4

0.4

DQD SID 1DID 15ID ZDiD 25ID 300
%y = AB+BC mm
Figure 3: It shows the graphical method to find the solution fory,, however, didn’t find any solution. have taken

into account the positive root square in the quadratic equation.

On the other hand,take the negative solution for the quadratic equation and found that there is a solution for y,
and y; as can be seen in figure 4 and figure 5.
-30 \ -30

|—sin‘1( )+z=0
2cos(—g))(2—\/4-0000—4)(22 sinz(—g)/ X2 9

2

gr) ™ =sin™" |




American Journal of Engineering Research (AJER)

For this relation there are solutions for both y, andy;.

There is a solution for gl,)=0

1 e e e e e e e e e e e e -
= I u
D e S -
0.5+ B
1 i I i 1
u] 50 100 150 200 250 300
®2 = AB+BC mm
Figure 4. It shows the graphical solution fory, = 152.2050.
It shows both solutions : y and Ha
300 ! T ; T
250_ ............. , .............. .............. .............. ........... -
QDD .............. .............. .............. .............. .............. ............
= 150_ .............. .............. ............ ............. -
= : : : : :
e : : : :
(_.) 1DD_ ............. .............. _ .............. ........... \, ............. -
m : : : : :
1 : : . : :
o 0k LR P ERLEERREEEEE P ............. -
D - T P -
Ok ............. .............. .............. .............. ...............
100 | 1 1 i 1
u] 50 100 150 200 250 300

Hy = AB+BC mm

Figure 5. It shows the graphical solution for y, =~ 152.2050 andy; =~ 57.6441.

Found the auxiliary variables y, =~ 152.2050 andy; ~ 57.6441.

X1 = BC — AB = 57.6441

X2 = AB + BC = 152.2050
Then

BC =~ 104.92455 mm , AB =~ 47.28045 mm

As can see the probe is verified.
Velocity equation:
Given the position equation is terms of Euler angles:

. . 3 .
ae'® + bel® = ce'2™ + del®

Taking time derivate, got:

A0 o, 40 d@)
atae® e T Tar

awg ie® +biw,e® ="V,

awgi(cos@+isind)+biwy,(cosa+isina)="V,

2022
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awgicosl —awysind +biw,cosa —bw,sina =V,

Split into two simultaneous equations:
Vi + b wysina = —a wg sinf
—bw,cosa= awgcosb
Finally, velocity equation:
_[~a wgsind

[1 bsina [Vd] [ ]
0 " | awycosh

—bcosal lw,
Acceleration equation:

awgie® +b wyie® =V,
d . d . d
—(awg i e?) + — (b wyie*) = —(V,
dt( oie?) ar (b @t €)= gy (V)
adg i e —awg?e®® + b dy i e — b w,2e® =V,

awgi(cosO +isinf) —awy?(cosh +isin0)
+bw,i(cosa+isina) —bwy?(cosa +isina) =V,

awg icosl —awgsinf —a wg?cosl —a wy? i sinf
+bw,icosa— bawysina—bwy,?cosa—bw,?isina =V,

Real part:
Vi+ bagsina = —awgsing —a wg? cosf — b w,? cosa

Imaginary part:
—b w,cosa =a wgcosh —awy?sing —b w,?sina

Finally, acceleration equation in matrix form is given by:

[1 bsina [Vd]_[—aa')gsine—awgzcose—bwazcosa
0 —bcosalla, awg cosf —a wy?sinf —b w,?sina

The two unknowns in this matrix equation are the angular acceleration of link BC, @, and the linear
acceleration of link AC”,V,.

Initial conditions:

h=c = 30mm,a = 47mm,b = 105mm,0;,;; =0

Local variable Initial conditions
Crank angle, 8;,;; O0rad
Connecting rod angle, a;,;; —16.60154959 rad
Speed of Crank,wg 376.99111 rad/s
Speed of connecting rod, w, —176.0886892 rad/s
Speed of slider-block, V4 —5282.660677 mm/s
Slider-block displacement, d;,;, 147.6230589mm

The calculation for above schedule in Appendix B.
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Simulink worksheet:

2022

Design a simulation written in Simulink in order to get displacement/time of the offset slider-crank.

See figure 6.
rilA((ElEI’E“DI"I = |8 &1
File Edit View Simulation Format Tools Help
ObEEES i) L] » 0.08 Mormal ~|| B g @) & BREE

£

theta Scops

i

Omega_theta Scope

0 o 1 > L
jal 5 il 5
dot Omega_theta Omega_thets thed

I

Vd Scope
e o ——F
dot Vd Scope

vd d displacementitime slider-blodk C

NG ——{]
*| Function

dot w_alpha Scope

Accelerstion

slpha Soope

¥y ¥ Y v

1 1

dot w_slpha s s

w_alpha slpha

w_slpha Scope

Figure 6: It shows Simulink workshegt of the Acceleration matrix equation.

Result of the acceleration/velocity/position matrix equation for the offset slider-crank:

oiz iz

Figure 8: It shows linear velocity of Figure 9: It shows angular
displacement/time of the the offset slider-crank at position C, acceleration « (rad/s®) as a
slider-block C. Va(mm/s) as a function of time (s). function of time(s).

The coupler curve
The coupler curve of the centre of mass of connecting rod BC is calculated from the following polar equation:
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D0 e R SRR ..
: +  Origen
a0 _ .......................... Paosition B .
: : centre of mass of connecting rod BC

-50 ] 50 100

It shows the Origen position (green-star), i.e. the position of the point A. The red circle shows the position of
point B. The blue curve shows the centre of mass of connecting rod BCi.e. the coupler curve.

Force equation:
In order to determine the forces at the joints and the driving torque needed on the offset crank to provide the
specified accelerations. A kinematic analysis must have previously been done and determine all position,
velocity and acceleration information for the offset slider crank.
Force equation for link AB, see figure 10:

Fip, +F3, = m,dg,,

Fiz, + F3;, = m2Qg,,

Tip + (Riz, Fia, — Riz Fiz, ) + (Rso Faa, — Raz oo, ) = Iyt

V//\Fm

Figure 10: The crank AB has a mass of 0.9 kg and a moment of inertia of 3000 kg.mm? about a rotational axis
through its centre of mass.

m,=09kg I, = 3000 kg mm?
The vectors R, and R, , are a function of 6 angle.
§32_—a€i9,R12_—-aeig
R U .
dg, =§a(u916‘ —5a wg?et

Force equation for link BC, see figure 11:
Fy3, —F55, = M3Qg,
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F» —F, =msa
43, 32y 346,

(Rus,Fas, = Rz Fis, ) — (Ras, Faz, = Ras Fiy ) = Ig, s

B Ra3

F23

Raa

Fan
Figure 11: The connecting rod BC has a mass of 0.2 kg and a moment of inertia of 430 kg.mm? about a
rotational axis through its centre of mass.

my = 0.2 kg, I, = 430 kg mm?
The vectors §23 and R, is a function of a angle.

1 . — 1 .
Rys=—3be'®  Ryy=-bel®

. , 1 .
dg, = Ebd’ai ete _Eb wy2et®

Force equation for block at C, see figure 12:
Fia, — Fi3, = myag,
Fiy, = Fy3, = M4Qg,,, = 0

(RuayFra, = RuayFra,) = (Ras,Fas, — Rag Fis,) = Io, s

14

Figure 12: The block C has pure translation movement.

For the offset slider-crank analysed the block is in pure translation against the stationary ground plane; thus it
can have no angular acceleration or angular velocity. Also, its linear acceleration has no y component.

a, =0, aG4y=O

The slider block C has a mass of 1.2 kg.
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m,=12kg

The component vector ag,, is a function of « angle.

ag, =—bdysina—b wy? cosa
Additionally,assume friction at the interfaces and weights of all links are negligible (F14x = O) and the
mechanism is running under no external load.

Finally, the dynamical system is defined by the following matrix relationship:

10 1 0 0 00 07 ?Zx' Mydg,
0 1 0 1 0 0 0 0 12y, mza(;zy
—R12y Riz, _R32y R3;, O 0 0 1 Fss, Ig,a,
00 -1 0 10 0 of,|Fe|_|m,,
0 0 0 -1 0 1 0 0 F4'3x m3aG3y
0 0 Rzs, —Rz3, —Rsz, Ry, 0 0 Fys, Ig,as
00 00 -1 00 0| |Fy| |mic,
0 0 00 0 -1 1 ol [ Ly
[ Ty, |

Summery the results: Appendix B
Simulink worksheet to solve force dynamic of the offset slider-crank, see figure 13:

B force_analysis l o|& éJ
File Edit View Simulation Format Teels Help
RN~ =] i<} o » pos  [Noma ~|| B B & REE®

=

» thets Scope

Cmega_thets Scope

. T J T
L= ] L=

dot Omega_theta Omega_theta thets

dot Vd Scope displacement/time slider-block C

L)

dot w_slphs Scope

slpha Scope

= w_alphs slphs

MATLABE
Function
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¥
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=

Figure 13: It shows force analysis of the offset slider-crank.

Results of the force analysis:
1. A scope to show the reaction forces/time curve at the pivots A, B and C and the normal reaction force
exerted on the slider- block by the guide way.
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Figure 14: 1t shows reaction force/time curve at pivot A.
ru F32x Scope |ﬂlvu F32y Scope ‘ =8 ® |
10
0.008 0.0 0.015 0.0z 001 0015 002 0.025
Figure 15: It shows reaction force/time curve at pivot B.
'u F43x Scope |Ml u F43y Scope | = | = & .|1
8 & &
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Figure 16: It shows reaction

Lforce/time curve at pivot C.
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2- A scope to display the displacement/time curve | 3- A scope to display the torque/time curve of the

of the slider-block C. driving crank AB.
B displacement/time slider-block C =l=] = B 712 Scope =& %

eB|LPLY ARBE P AR B énrer AEE Baw -

0.005 ool 0015 002 0.025 no3

Figure 17: It shows the isplacement/time of the Figure 18: It shows torque/time curve of the
slider-block C. Horizontal units are seconds and driving crank AB.
vertical axis is mm.

II.  CONCLUSION:

The theory of offset slider crank mechanism depends on the different between the forward angle and
the return angle of the mechanism (B, ). They graphically display information showing where and when each
mechanism is stationary or performing its forward and return strokes. Timing charts allow creators to
qualitatively define the required kinematic behaviour of a mechanism [4]. These charts are also used to estimate
the velocities and accelerations of certain mechanism. The velocity of a link is the time rate at which its position
is changing, while the link's acceleration is the time rate at which its velocity is changing. Both velocity and
acceleration are vector quantities, in that they have both magnitude and direction. The analytical method for
designing an offset crank slider mechanism is the process to determine generalized relationships among certain
lengths, distances, and angles.With these relationships, calculations were done. Simultaneous constraint method
is employed. Assembled into a system of linear equations from the kinematic and dynamic analyses to obtain
the sparse matrix. Solved by the m-file function results displayed in form of graphs.
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